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TECHNICAL MEMORANDUM X-53132

STABILITY CONDITIONS OF THE LOWER ATMOSPHERE AND THEIR IMPLICATIONS
REGARDING DIFFUSION AT CAPE KENNEDY, FLORIDA

BY JAMES R, SCOGGINS AND MARGARET ALEXANDER

SUMMARY

The stability of the atmosphere is determined by the variation of
temperature with height and plays a very important role in diffusion
processes. This report describes the atmospheric stability conditions
at Air Force Station 700 on Cape Kennedy, Florida. Data concerning the
period of August 1962 thru July 1964 are presented by time of day, month,
season, and annually. The results are categorized and presented graph-
ically and tabularly to indicate qualitatively the diffusion conditions
and best months and hours for handling toxic fuels or launching vehicles
that use toxic fuels.

I. INTRODUCTION

The stability of the atmosphere is determined by the variation of
temperature with height. Near the ground if the temperature increases
with height the atmosphere is stable, and if the temperature decreases
with height the atmosphere is unstable. Stability in this case has the
same connotation as in other sciences; i.e., when the atmosphere is stable
a parcel of air if displaced from its original position will return to
that position. Conversely, when the atmosphere is unstable a parcel of
air if displaced from its original position will not return to that posi=~
tion,

Atmospheric stability plays a very important role in diffusion pro-
cesses (References 1, 2, and 3). When the atmosphere is unstable, the
separation between adjacent parcels increases with time. This is easily
visualized from the definition of stability. Thus,a cloud of smoke, say,
initially of some given size will become larger in time, |f no additional
smoke is added to the volume as it expands, then obviously the concentra-
tion of smoke particles per unit volume must decrease. This process is
generally referred to as atmospheric diffusion, The rate at which the



cloud grows and the concentration of particles within the cloud are
greatly influenced by the stability of the atmosphere. Other factors
such as winds, surface features, and solar heating are important; how=
ever, in this report we shall consider only stability conditions and
how they affect diffusion conditions near the ground.

Stability conditions at Cape Kennedy, Florida are discussed and
some data presented by Haugen and Taylor (Reference 2). Because it was
not the purpose of Haugen and Taylor's report to present a thorough and
comprehensive treatment of stability conditions for Cape Kennedy, there
are many questions regarding the use of toxic fuel, for example, that
cannot be answered from that study.

This report presents a study of atmospheric stability conditions
at Air Force Station 700 on Cape Kennedy. Data are presented by time
of day, month, season, and annually. The results are categorized and
presented graphically and tabularly to indicate qualitatively the dif-
fusion conditions.

If. DISCUSSION OF DATA

The temperature measurements used in this report are from Air
Force Station 700 on Cape Kennedy from August }, 1962 thru July 31, 1964,
Station 700 is a 204-ft. tower located near the beach between Launch
Complexes 15 and 16. Figure | shows the location of this station and
the temperature measurement heights. All temperature measurements
used in this study represent an average over time intervals ranging from
5 to 30 minutes. The averaging period is not too important since tem=
perature measured with existing instrumentation does not vary rapidly
in time. The data are believed to be sufficiently accurate for conduct-
ing stability analyses. The months of each season and daytime and night-
time hours are as follows:

EST
Season Daytime Nighttime
Summer (June, July, August) 0540 to 1900 1900 to 0540
Fall (September, October, November) 0630 to 1805 1805 to 0630
Winter (December, January, February) 0715 to 1750 1750 to 0715
Spring (March, April, May) 0600 to 1845 1845 to 0600

I1l. INDICATED STABILITY CONDITIONS AT AIR FORCE STATION 700

Stability conditions for Station 700 are shown graphically in Fig-
ures 2, 3, and Lk and tabularly in Tables 1 thru 17. The data are pre-
sented as a function of hour of the day, month, season, and annually.



Figure 2 covers the period August 1962 thru July 1963, Figure 3 covers
the period August 1963 thru July 1964, and Figure 4 is a composite of
Figures 2 and 3. Stability conditions appearing in Figures 2, 3, and
L4 represent the highest percentage frequency value occurringin Tables
1 thru 17.

Table 1 is a compilation of the number of observations and per-
centage frequency of stability conditions at Station 700 for August
during 1962, 1963, and a composite of the two years. 1In a similar

manner Tables 2 thru 12 cover September thru July and Tables 13 thru
17 cover the seasons and annual,

In all figures and tables the following definition of stability
is used:

Symbo'l Stability Condition Temperature Difference
(Figures) (Tables) (T2-T])“
0 VS Very Stable AT +1.67°¢C
1 MS Moderately Stable +1.67°C> AT 0°C
2 MU Moderately Unstable 0°C  >AT> -1.67°¢C
3 VU Very Unstable ATS -1.67°C

* (T2-T]) is temperature at upper level minus temperature at ltower level.

A negative lapse rate means a decrease of temperature with height,

The data from August 1962 thru July 1963 show that from approximate-
ly 1900 EST until 0700 EST the atmosphere is generally moderately stable.
The only notable exceptions are that the atmosphere is very stable at
night during the months of May and December and moderately unstable
during August, November, and January., During the hours between 0700 and
1900 EST the atmosphere, being most unstable between approximately 1000
and 1600 EST, is moderately to very unstable. During these hours (1000
and 1600 EST) the atmosphere is most unstable from November thru January,
April thru June, and during August. The stability conditions show that
for all seasons the atmosphere is moderately to very unstable during the
day and moderately stable at night except in winter when it is moderately
to very stable during nighttime. Between the hours of 1100 and 1500 EST
the atmosphere is generally very unstable during all seasons, The
annual conditions show the atmosphere to be most unstable from 1000 to
1600 EST.

Since the stability conditions from August 1962 thru July 1963
differ considerably from those from August 1963 thru July 1964, these
years show that stability conditions vary considerably from year to
year, Data from August 1963 thru July 1964 show that the atmosphere is



generally stable from approximately 2000 to 0700 EST except for June and
July when the atmosphere was moderately unstable except just before sun-
rise and for January which was generally stable from 1700 thru 0900 EST.
There are other features in 1963-6L4 which are different from those in
the previous year. For example, in 1962-63 during January between 1100
and 1500 EST the atmosphere is very unstable while in 1963-64 between
the same hours the atmosphere is moderately stable to moderately un-
stable., From the seasonal stability conditions, on the average, the
atmosphere for the 1962-63 period is more stable than for the year 1963~
6k

The composite of particular months, seasons, and years is probably
more representative of stability conditions at the Cape than either
single year of data since the composite covers a longer period of time.
As shown in the composites the atmosphere is generally moderately stable
from near sunset to sunrise and moderately to very unstable during the
daytime. The atmosphere is most unstable between the hours of 1100 and
1500 EST from November thru January and March thru August. The summer
is logically the most unstable period because of strong solar heating
of the earth's surface.

[V, CONCLUSLONS AND COMMENTS

The percentage frequency of stability conditions have been pre-
sented from temperature measurements made on the Cape at Station 700,
The stability conditions indicated from these temperature measurements
show a trend which would normally be expected. The atmosphere is
moderately stable most of the time at night and moderately to very
unstable during the daytime. There are relatively few measured cases
of very stable conditions. Very unstable conditions occur during the
day and primarily during the summer season. The rate at which atmos-
pheric diffusion takes place depends on the degree of stability; the
rate increases as the stability decreases. Therefore, a cloud of toxic
gases, for example, grows faster and decreases in concentration faster
during the daytime than at night and more during the summer than any
other season. The months of April thru August between the hours of
1100 and 1500 EST show the largest instability, and would be the best

months and times for handling toxic fuels or launching vehicles that
use toxic fuels,
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Launch Complex 15<§' Station 700

Figure 1. Location of Air Force Station 700 Tower and Heights
of Temperature Measurements
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0000 1 1+ v 2 0 2 1 1P v 0 bt b1 1 342
0100 2 1 0 2 0 20 1 1 0 1O{1 1 0 1 | 344
0200 1 o1 2 0 2 1 0 1 O 1 1]t o 1 1 | 345
0300 11 0 2 0121 1 v 0 1 1]1 0o 1 1 1| 344
0400 2 101 2 1 20 0 1V O 1 O}y 1 1 O ] 340
0500 2 1 vV 2 0 O O O 1T O 1T Oy 1 0O 1 340
0600 2 1 1 2 1021 01 0 0 0|1 0 0 O 0 342
0700 2 1 1 2 002 2 01V 1 2 112 1 0 1 ] 344
0800 31 1 2 0 2 v V2 2 2 2|2 1 2 1 2 345
0300 312 2 3 2 2 2 2 3 3 2|3 2 3 2 2 329
1000 3 223 3 3 3 2 2 2 3 3 213 2 3 21| 3 {341
1100 3223 3 3 3 3 3 3 3 3 2|3 3 33 3 332
1200 3223 3 3 3 3 3 3 3 3 313 3 3 3 3 327
1300 32 3 3 3 3 2 2 3 3 3 313 3 3 3 3 333
1400 32 2 3 3 3 323 3 3 32313 3 3 3|3 |339
1500 32 2 3 3 3 3 2 3 3 3 23 3 3 3 3 327
1600 32 2 3 3 3 2 2 3 3 3 2|3 2 3 3 3 330
1700 317 v 2 3 3 2 2 2 3 3 2|3 2 3 22 |33
1800 31 0y 2 1 2 2 v 2 2 2 1|2 1 2 2 2 337
1900 30 1 2 0 1 2 v 2 2 2 1|2 1 1 1 ] 344
2000 2 1 1 2 0 202 1 v 12 1 11y o1 o2 1 ] 343
2100 21 1 2 0 2 2 v 1 0 1 1y 1 02 1 1 337
2200 2 1 1 2 0 2 1 1t 1 0 1 134y 1 o 1 335
2300 2 1 1 2 0 2 v 1 1 0 1t b1 o1 o0 1 ] 337
SYMBOL STABILITY CONDITION TEMPERATURE DIFFERENCE
0 Very Stable AT2 +1.67°C

1 Moderately Stable +1,67°C> AT>  0°C

2 Moderately Unstable 0°C > AT> -1.67°C
3 Very Unstable AT =1.67°C

AT = temperature at upper level (62.2 m) minus temperatue at lower level (1.8 m).

*Multiple symbols (example 12) indicate stability conditions are equally distributed
between the categories,

Figure 2. Stability Conditions For Station 700 From August 1962 Thru July 1963
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0400 (O T I A o R R T I 1 351
0500 2 1 1P 1 0 1 1 1 0 1 1]t 1 1 | 351
0600 0 v 10 0 1021 0 1 11 1 1 1 1 349
0700 2 1 1 00 1 2 1 1 2 3{2 1 1 1 ] 349
0800 2 2 2 1 0 0 1 2 2 2 3 313 2 1 2 2 348
0900 2 2 2 2 2 1V 2 2 2 2 3 313 2 2 2 2 339
1000 3 32 2 2 2 2 2 2 2 3 3{3 2 2 2 3 332
1100 3332 32 2 3 33 3 3{(3 3 23 3 | 338
1200 333 3 3 1 2 3 333 3[3 3 2 3 3 | 346
1300 333 2 3 2 2 3 333 3|3 3 23 3 342
1400 332 3 3 2 2 3 33 3 33 3 33 3 339
1500 3 32 2 3 2 2 3 33 3 3(3 2 2 3 3 343
1600 32 2 2 2 2 2 3 3 3 3 3|3 2 2 3 3 339
1700 2 2 2 2 2 1 2 2 2 2 3 3|3 2 2 2 2 346
1800 2.2 2 1 1y v 1 2 22 3 313 2 1 2 2 342
1900 2 2 2 1 0 0 1 2 t 2 2 212 2 1 2 2 347
2000 t 2 2 1 0 0 1 2 1 2 2 2}12 2 11 1 346
2100 b2 2 v 10 1 2 11 2 212 2 11 1 348
2200 T2 1 10 1 1V 1 1 2 111 11 1 346
2300 2 1 10 112 2301 1 ] 347
SYMBOL STABILITY CONDITION TEMPERATURE DIFFERENCE
0 Very Stable AT > +1.67°C

| Moderately Stable +1.67°C>AT > 0°C

2 Moderately Unstable 0°C >AT > -1.67°C
3 Very Unstable AT < -1.67°C

AT = temperature at upper level (62.2 m) minus temperature at lower level (1.8 m).

*Multiple symbols (example 12) indicate stability conditions are equally distributed
between the categories.

Figure 3. Stability Conditions For Station 700 From August 1963 Thru July 1964
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0400 1 1 1 1t 1 0 1 1 1 o0 vorftl o1 11 1 | 691
0500 10 1 ) 1 0 1 b 1 0 }yOf1o o101 1 | 691
0600 1 1t 0 1 0 1 0 1 0o 1 oOotf1 1 1 of 1 691
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0800 2 1 2 2 0 0 1 1 2 2 3 2|2 2 0t 2| 2| 693
0900 3 2 2 2 3 2 2 2 2 2 3 3(3 2 2 2| 2| 668
1000 3 2 2 2 3 3 2 2 2 3 3 3[3 2 3 2| 3/|673
1100 3 3 3 3 3 3 2 33 3 3 3[3 3 3 3] 3/|670
1200 3 2 3 3 3 3 3 3 3 3 3 3[3 3 3 3] 3673
1300 33 3 3 3 3 2 3 3 3 3 313 3 3 3f 3/|675
1400 33 2 3 3 3 3 3 3 3 3 3|3 3 3 3| 3/|678
1500 3 2 2 3 3 3 2 3 3 3 3 313 2 3 3! 3/[670
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2200 1 N SRS TR AN N AN SRS AN AN N U R A I SR i | 681
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SYMBOL STABILITY CONDITION TEMPERATURE DIFFERENCE
0 Very Stable AT Z +1,67°C

I Moderately Stable +1,67°C> AT2 0°C

2 Moderately Unstable 0°¢C > AT > =1,67°C
3 Very Unstable AT < =-1.67°C

AT = temperature at upper level (62.2 m) minus temperature at lower level (1.8 m).

*Multiple symbols (example 12) indicate stability conditions are equally distributed
between the categories.

Figure 4. Composite Stability Conditions For Station 700 From August 1962 Thru
July 196k
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